Mastitis is considered to be the most economically costly disease affecting the dairy industry. Regular as it is effective against pathogens that display resistance to conventional antibiotic therapy.
Bacteriocins are ribosomally synthesized peptides, usually active against bacteria of the same or closely related species (12) . These peptides produced by lactic acid bacteria are generally considered safe and may present a cost-effective alternative to treat mastitis caused by S. aureus, S. agalactiae and S. dysgalactiae.
In a study which involved the incorporation of the bacteriocin lacticin 3147 into a teat seal (1280AU/mL), 99.9 % of S. aureus cells were killed (30) .
Peptide AS-48, produced by Enterococcus faecalis FAIRE 92, inhibited the growth of a S. aureus strain isolated from mastitic milk (5) . Treatment of S. aureus-infected udders with liposome-encapsulated peptide AS-48 (6400AU/mL) resulted in an 85% reduction in somatic cell counts and a 99% reduction in viable cell numbers of S. aureus (5) .
Streptococcus gallolyticus subsp. macedonicus ST91KM, isolated from Bulgarian goat yoghurt, produces the bacteriocin macedocin ST91KM (26) . The peptide has a narrow spectrum of antibacterial activity and inhibits the growth of As far as we could determine, only one other bacteriocin has been described for S. macedonicus, i.e. the lantibiotic macedocin produced by S. macedonicus ACA-DC 198 (7) .
In this study, parameters affecting the adsorption and some aspects of the mode of action of macedocin ST91KM to target organisms were evaluated. Minimum inhibitory concentration (MIC) of macedocin ST91KM was determined and compared to that of -lactam penicillins and erythromycin. Macedocin ST91KM was incorporated in a teat seal preparation and its activity against S. agalactiae studied in vitro.
MATERIALS AND METHODS

Growth conditions and preparation of macedocin ST91KM
Streptococcus gallolyticus subsp. macedonicus ST91KM was grown in MRS broth (Biolab, Biolab Diagnostics, Midrand, SA) at 30°C. The target strains used in the study were grown either in MRS broth or BHI broth (Merck, Active samples of macedocin ST91KM were stored at 4ºC.
Antimicrobial activity assays
Overnight cultures of the target strains (OD 600nm =0.1-0.2), listed in Table 1 , were inoculated (0.1%, v/v) into 10mL MRS or BHI soft agar (0.7%, w/v, agar), poured into sterile Petri dishes and allowed to solidify. A dilution series of macedocin ST91KM was prepared and 10µL spotted onto the surface of the solid media. Antimicrobial activity was expressed in arbitrary units (AU)/mL, calculated as follows: a b x100, where "a" represents the dilution factor 2 and "b" the last dilution that produces an inhibition zone of at least 2 mm in diameter.
Activity was expressed per mL by multiplication with 100 (36). Effect of macedocin ST91KM on cell growth and membrane permeability S. agalactiae RPSAG2 was grown in 50mL BHI broth (Merck) for 5h at 37ºC to an optical density of 0.17. Twenty mL macedocin ST91KM was added to the culture, representing a final macedocin ST91KM concentration of 230AU/mL.
Optical density readings were recorded every hour for 10h.
The control was S. agalactiae RPSAG2 cultured in the same way, but to which 20mL sterile distilled water was added. The experiment was repeated in triplicate.
In a separate experiment, an overnight culture of L. sakei 
Adsorption of macedocin ST91KM to target cells
Adsorption to target cells (Table 1) The protein concentration, expressed as mg/mL, in the bacteriocin preparations was assayed using the Bradford method. The final minimum inhibitory concentration of macedocin ST91KM was expressed as AU/mL protein.
Teat seal formulation with macedocin ST91KM
Macedocin ST91KM, precipitated from culture supernatant with ammonium sulphate, as described before, was into the agar. Teat seal preparations combined with bacteriocin ST91KM, with and without 1% (w/w) Tween 80, were carefully dispensed into the wells to ensure that the seal was in contact with the wall of the wells. The agar plates were incubated at 37°C overnight for 16h and the zones of inhibition measured.
RESULTS
Addition of macedocin ST91KM (229AU/mL) to S.
agalactiae RPSAG2 after 5h of growth, decreased the cell density from OD 600nm =0.16 to 0.10 within 1h and remained at this level for a further 4h (Fig. 1) . Optical density readings of the control culture (no bacteriocin added) increased to OD 600nm =1.21 over 10h (Fig. 1) .
Optical density readings measured at 260nm and 420nm are presented in Table 2 (Table 1) .
Treatment of cells with macedocin ST91KM at 10-60°C
and at pH8 and 10 lead to a significant increase in adsorption ( Addition of inorganic and organic salts reduced adsorption of the bacteriocin. MgCl 2 , KI and Na 2 CO 3 salts completely prevented adsorption of the peptide to target cells (Table 3) . SDS, Triton X-100 and Triton X-114 did not affect adsorption of macedocin ST91KM to target cells, while -mercaptoethanol, 80% ethanol and methanol reduced adsorption to 33%. Chloroform had no effect on adsorption.
Cells of S. agalactiae RPSAG2 treated with partially purified macedocin ST91KM (approximately 2000AU/mL)
were deformed and had irregular surfaces compared to cells that have not been treated (Fig. 2) . Antimicrobial susceptibility to the macedocin ST91KM is shown in Table 4 . Two preparations of macedocin ST91KM Optical density readings measured at 260nm and 420nm increased after addition of macedocin ST91KM ( Table 2 However, a much weaker efflux of K + was reported for macedocin ST91KM.
The mode of action of macedocin ST91KM did not only depend on adsorption, as sensitive and non-sensitive strains revealed similar levels of adsorption of the peptide (Table 1) .
Yildirim et al. (38) All isolates were resistant to methicillin and oxacillin, but susceptible to ampicillin ( CNS strains are often referred to as minor pathogens (27) .
However, in a study by Rajala-Scultz et al. (28) , 77% of all isolates associated with bovine mastitis were CNS and 77.3%
of these strains were resistant to ampicillin.
Both strains of E. coli were resistant to oxacillin, methicillin and erythromycin. This is not unusual, as Gramnegative strains are not usually susceptible to these antibiotics (23). E. coli strains tested were susceptible to ampicillin. Some strains of E. coli that have been isolated from mastitis infections are resistant to ampicillin (13, 34) . 
RPSAG2.
In vivo studies would however be necessary to fully evaluate the effectiveness of this bacteriocin and its possible synergetic effect with currently applied antibiotics.
